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ABSTRACT

Hi-Kote 1, an aluminum enriched coating for titanium and alloy steel fasteners, provides excellent
corrosion protection to aluminum structure in which these coated fasteners are used. It can
withstand service temperatures to 450°F and requires no additional sealants during installation

for galvanic corrosion protection.

Hi-Kote 1 coating adhesion to the base metal is excellent and has no deleterious effect on
mechanical properties of the fasteners or their mechanical functions. Hi-Kote 1 eliminates the
potential dangers of hydrogen embrittlement or diffusion induced stress cracking associated with
cadmium plated fasteners; and reduces the installation force requirements associated with

interference fit fasteners.
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1.0 INTRODUCTION
Most modern day aluminum alloy aircraft structures are assembled with high strength
fasteners made of titanium alloys and alloy steels. The electrochemical coupling effects

present in the assemblies often result in undesirable corrosion of the structural members.

Susceptibility of these structures to corrosion is further enhanced by harsh saline service
environments which presumably disrupt the protective oxide film on the metal surfaces. The
extent of such structural corrosion is directly dependent upon the precautionary measures

taken by the aircraft manufacturer to render these galvanic couplings inoperative.

Problems of galvanic corrosion have been of continuing concern to the aircraft industry and
are particularly heightened by the trends toward higher performance aircraft, increased
payloads, and longer operational life warranties.

Physico-chemical laws of electrochemical corrosion dictate that an actual flow of electrical
current must occur between the electrodes of two dissimilar metals to start the corrosion
process; and if the electrical current flow is stopped, the galvanic corrosion will cease. Two
basic approaches to eliminate this current flow are:

a) FElectrically insulate either the cathode or anode.

b) Eliminate the ionic conductance between the anodic and cathodic areas.

In recent years, electro-chemists have developed many solutions to the problem of galvanic
corrosion based on these two approaches. Some of the resulting preventive measures
presently used in aluminum aircraft containing dissimilar metal fasteners are:

a) Plating the fasteners with cadmium or aluminum.

b) Substituting of steel fasteners with titanium fasteners.

¢) Coating fasteners with organic or inorganic coatings.

d) Using wet primers or elastomeric sealants during installation.

e) Coating the fastener or structural exteriors with zinc-chromate type of paints.



Most mechanical measures developed to date have proved unreliable. And to achieve
permanent and effective corrosion protection, considerable research effort has been directed

towards the study and understanding of electrochemical corrosion mechanism of aluminum

alloys.

The use of corrosion inhibitors which provide either anodic or cathodic protection have
been established. Phosphates, molybdates, silicates, and chromates of certain metals have
been found very effective corrosion inhibitors. These so-called anodic inhibitors provide
protection by changing anodic potentials to nobler values. This is commonly called the
“self-healing” property, i.e. restoration and repair of the original oxide film on the metal

surface or formation of a unimolecular layer.

These corrosion inhibitors have been formulated in organic or inorganic coatings,
elastomeric sealants and primers to combat corrosion problems. Some of these coatings and

sealants are discussed later in the report.




2.0 HI-KOTE 1 DEVELOPMENT

The aircraft manufacturers, being aware of the corrosion problems in the aluminum
structures, have taken steps to make aluminum structure more inert by anodic coatings and
chemical-conversion coatings. Anodic coatings are more corrosion resistant than the
chemical coatings, but are expensive and have production adaptability problems with large

structures.

Also these protective coatings fail to provide absolute corrosion protection, because
machined holes required for assembly operations always expose unprotected bare metal
substrate. As a result, two protective measures have been widely used in the aircraft

industry:

a) Fasteners are either cadmium plated or coated with protective organic or inorganic

coatings.
b) Fasteners are installed with corrosion inhibitor primers or sealants.

Organic and inorganic types of coatings, currently in use, were developed mainly to act as a
physical barrier against salt, moisture and air. These fail to provide any appreciable
corrosion protection because of their inherent porosity, poor adhesion and cracking

tendencies.

In contrast, cadmium plated fasteners and wet installation approaches are relatively
suceessful in inhibiting corrosion of aluminum structures. Each, however, has its own
limitations. Cadmium has been linked to stress-cracking or embrittlement in titanium and
even in high strength alloy steel parts at relatively low temperatures. Wet installations add to
the cost of assembly, and has production adaptability problems, such as pot life, handling

and cleaning.

As explained in this report, the use of Hi-Kote 1 aluminum coating on titanium fasteners
installed in aluminum structures eliminates the corrosion problems without the harmful

stress embrittlement effects of cadmium-plate or extra cost of wet installations.



3.0 DESCRIPTION OF HI-KOTE 1 COATING

4.0

Hi-Kote 1 is an aluminum filled organic base formulation developed to yield a permanent
bonded film .0002-.0005 inch thick when applied to fasteners. The corrosion inhibitors
incorporated into the Hi-Kote 1 system provide greater corrosion protection than either

cadmium electro-deposits or aluminum base coatings.

The binder system has a very high abrasion resistance and lubricating additives in the system
result in Hi-Kote 1 being a low friction coating ideally suited for application on interference
fit fasteners. The unusually high density of the coating, as well as the presence of corrosion

inhibiting elements jointly contribute to the corrosion resisting qualities of the coating.

Hi-Kote 1 is applied by conventional spray methods, and only mechanical surface treatment

of the metal substrate is required before application of the coating.
FASTENER COATING REQUIREMENTS

To be suitable for use in aircraft aluminum structures, an ideal corrosion preventive
coating for fasteners of titanium alloys and corrosion resistant steels should possess the

following characteristics:

4.1 Physical Coverage
Coverage characteristics for the coating should be smooth; uniform and matte in
appearance; and be free of pin holes, porosity, blisters and other harmful
imperfections.

4.2 Adhesion

The coating should be highly adherent to the metal substrate, and should be
sufficiently ductile and tough to prevent cracking due to expansion and contraction of

the substrate, or from physical shock.
4.3 Fluid Resistance

The coating should be resistant to commonly used hydraulic fluids, power plant fuels,

paint stripping materials, and cleaning solvents.




4.4

4.5

4.6

4.7

4.8

Temperature Resistance

The coating should be able to withstand temperature environments up to 400°F

without suffering any loss of adhesion or exhibiting evidences of cracking.

Stress Embrittlement

The coating should not be inducive to any form of stress embrittlement in the fasteners

when exposed to temperatures up to 400°F.

Corrosion Protection

The coating should exhibit a very high degree of corrosion protection of the assembly

in which coated fasteners are installed.
Mechanical Properties

When applied on parts, the coating should not result in any loss in fatigue, shear or
tensile strengths. The coating also should not adversely affect torque-tension

relationships, or installation force requirements for interference-fit fasteners.
Application Simplicity

The coating should be easily applied by conventional methods, and be readily
controllable between .0002-.0005 inch thickness on all visible surfaces.



5.0 TEST METHODS

Establishing the superior qualities of Hi-Kote 1 involved not only an extensive test program
for the coating system, but also detailed comparative tests against other protective coatings.

Generally, these test programs covered an evaluation of three basic parameters:
a) physical

b) metallurgical, and

¢) electrochemical properties

5.1 Physical Properties
Physical evaluations of Hi-Kote 1 and other coatings covered such properties as:
5.1.1 Coating Thickness

Coating thickness measurements were made metallographically at the
fastener head, shank and thread root and thread crest to establish the coating

distribution.

5.1.2 Adhesion

Coating adhesion was evaluated using the Hi-Shear Corporation
Drop-Hammer Test as the more common knife test was not considered to be
reliable in terms of adhesion. The Drop-Hammer Test utilizes the kinetic
energy of the falling hammer to flatten the head of a fastener lying on an
anvil under the hammer. Height of the hammer is adjusted to achieve head
deformation down to the fastener shank. After the fastener head is crushed
by impact, it is examined for possible coating separation. Figure 1 shows the

Drop-Hammer Test Fixture and examples of crushed parts.

5.1.3 Assembly Force Requirements

The use of interference fit fasteners has been established to improve
structural fatigue resistance. It is mandatory, therefore, that the coated
fasteners should not require excessively high loads for installation in airframe
structures. For the test program, push-in force requirements were evaluated
under maximum levels of diametral interference, .0045-.0050 inch. The

push-in force requirement of various coatings was compared to that of

cadmium plated fasteners under identical conditions.
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FIGURE 1. DROP HAMMER ADHESION TEST

All push-in tests were conducted with 1/4 inch diameter fasteners in a 3/4
inch thick 7075-T6 aluminum alloy block with holes permitting .0045-.0050
inch interference between the fastener diameter and the hole. Any coating
which exceeded by 15% the push-in force requirements of cadmium plated

fasteners was not considered satisfactory.

After establishing the static push-in force requirements, rivet gun drivability
tests were conducted. Experience has established that some coatings
function differently when tested under dynamic conditions, as in the case of
hand rivet gun installation. It was therefore considered important to evaluate

the dynamic characteristics of the coating, along with static characteristics.

The hand riveting air gun used for drivability tests was a Model CP5X,
manufactured by Chicago Pneumatic Tool Co. Drivability tests were
performed at .0045-.0050 inch interference level, using a 1/4 inch diameter
titanium alloy fastener in a 3/4 inch thick 7075-T6 aluminum alloy block.



5.14

5.15

5.1.6

Torque-Tension Requirements

To insure structural integrity and long operation life, aircraft structural
designers recommend the use of higher joint clamp-up forces (or fastener
preload), along with interference requirements. It is mandatory, therefore,
that the ideal coating should exhibit low friction characteristics to permit
the development of consistently high joint clamp-up forces. All
torque-tension tests were conducted using mating pin and collars of the

Hi-Lok/Hi-Tigue fastener system.
Effect on Mechanical Properties of Fasteners

Mechanical properties of coated fasteners were evaluated per MIL-STD-1312.
Tension-tension fatigue, shear and ultimate tensile strengths of coated parts

were compared with uncoated parts.
Compatibility Tests

Three environmental compatibility tests conducted with Hi-Kote 1 and other

coatings were:
5.1.6.1 Resistance to Hydréulic Fluids

Two coated parts were immersed in hydraulic ester fluid (Aerosafe
2300, Skydrol 500, Skydrol 700 or equivalent) at 150°F £5°F for
30 days. The specimens were cleaned and dried after exposure and

tested for adhesion per paragraph 5.1.2.

5.1.6.2 Resistance to Paint Stripper and Solvents

Coated parts were immersed in MIL-R-81294 for 24 hours at room
temperature (75° +SOF). After 24 hours, the specimens were
cleaned with tap water and subjected to adhesion test per

paragraph 5.1.2.

Methyl-ethyl-ketone (MEK) was selected as a solvent for tests
because it is in wide use. Coated parts were immersed in MEK for
15-20 minutes to check any swelling, softening, or loss of
adhesion. If the coated parts showed evidence of swelling or

softening, it was not considered acceptable.




5.1.6.3 Resistance to Heat

Coated parts were heated in air at 375°F +20°F for a period of
four hours. After exposure, the parts were air cooled and tested

for adhesion per paragraph 5.1.2.

5.2 Metallurgical Properties

53

Tests to determine the comparative metallurgical properties of Hi-Kote 1 and coatings
were considered important to the evaluation program. This is due to the fact that
electrodeposited cadmium has been linked to cracking in titanium and high strength
alloy steels at relatively low temperatures. Therefore, an embrittlement test was

considered mandatory in evaluating any coating for airframe applications.

For the test, four coated or plated flush head titanium fasteners were installed in a
7075-T6 aluminum block with an interference of .002-.004 inch between the hole and
the fastener shank. The fasteners were then torqued to 80% of their rated ultimate load
and exposed for 72 hours at 300°F +10°F.

After exposure, the fasteners were removed from the aluminum block, sectioned and
metallographically examined at 200X for cracks or other evidence of an abnormal
metallographic structure. The metallographic specimens were examined both before
and after etching and compared to the uncoated specimens exposed to the same

environment of temperature and stress.

Electrochemical and Corrosion Preventive Properties

Laboratory test methods that effectively simulate the every-day service environmental
condition on an aircraft structure and at the same time permit rapid and constructive
evaluation of coatings are difficult to duplicate. However, salt spray and salt immersion
tests per MIL-STD-1312 have been widely used to draw conclusions regarding the

expected behavior of coating systems in aluminum structures.

Generally, it is felt that conclusions drawn regarding the rate and extent of corrosion
from the salt spray data are inaccurate. The salt immersion test, on the other hand,
more closely simulates the structural assembly because the fasteners are installed as in
the actual structure, i.e. the fastener, collar and the structure are in physical contact

and thereby most of the interactions are present as-in the actual assembly.



The salt immersion test is much more severe than the normal service environmental
conditions. There is no scientific way to predict that a certain exposure period in the
salt alternate immersion tank represents so many years of flight time for the aircraft.
Moreover, the salt immersion test is conducted at room temperature (75°F +5°F) and
therefore does not approximate temperature variations experienced by aircraft in

service.

Some corrosion inhibitors and chemical conversion coatings are very heat sensitive and
their protective qualities are drastically reduced on exposure to heat. Therefore, any
conclusion drawn from their protective properties in terms of corrosion from the salt

immersion test data will not be truly representative of actual service results.

Despite these limitations, it is reasonable to conclude that a coating lasting longer in
a laboratory type environment will provide longer protection to the aircraft

structure in service.

Coated titanium fasteners were not tested in 5% salt spray per MIL-STD-1312, Test
No. 1, because of their inherent corrosion resistance. The main purpose of coating
titanium fasteners with protective coatings, aside from high temperature oxidation
protection, is not to protect them against corrosion but to provide protection to the

adjacent structure in which they are used.

To develop some kind of informative data from the salt spray test, it was considered
beneficial to use the coatings on carbon or alloy steel fasteners. As such, the data
obtained provides a measure of relative protective properties of Hi-Kote 1 and the other

coatings tested.
53.1 Salt Spray Test

Tests in this category were conducted on H-11 steel fasteners per
MIL-STD-1312, Test No. 1, for a period of 96 hours. During the test period,
the specimens were exposed continuously at a temperature of 959F
+20F/-39F to a fine mist spray of 5% sodium chloride solution with a pH
range of 6.5 to 7.2. Subsequently, the exposed parts were rinsed with fresh
tap water and examined for corrosion attack on major surfaces, such as

fastener head, shank and threads.

10




53.2

Salt Immersion Test

For this test, coupons (Figure 2) were machined from 7075-T6 aluminum
alloy block. These test coupons were anodized per MIL-A-8625 Type Il prior
to drilling and countersinking the holes. The holes were drilled to permit
.002-.004 inch clearance between the fastener shank diameter and the hole

diameter, so as to create the possibility of salt solution entering the holes.
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NOTE: D REFERS TO FASTENER DIAMETER.
FIGURE 2. COUPON USED FOR SALT IMERSION TEST

The test coupons were assembled using the recommended fastener and collar
system and were cleaned with methyl-ethyl-ketone before starting the test.
The assembled test coupons were exposed to 3-1/2% salt solution, pH
6.8-7.2 at 759F + 5OF for a period of 1000 hours, per MIL-STD-1312. Each
one hour exposure cycle consisted of 10 minutes of immersion in the salt

solution and 50 minutes of drying in circulating air.

Specimen examinations were conducted periodically after 150, 250, 500,
750, and 1,000 hours of exposure. Following the conclusion of each test
period, one section was cut from the test coupon to isolate one fastener
assembly from the remainder of the coupon. The remaining portion of the
coupon was cleaned with methyl-ethyl-ketone and water to remove
contamination caused by handling and sawing operations. Following this

cleaning, the coupon remainder was returned to the salt immersion tank for

continuation of the test.

Each single fastener assembly cut from the coupon during the periodic
examinations was examined for evidence of corrosive attack by removing the
fastener from the isolated hole and preparing a metallographic specimen of
the exposed test coupon. The maximum depth of corrosive attack for each
coupon section was measured relative to the countersink surface as shown in

Figure 3.

11



5.3.3

Acetic Acid-Salt Spray Test ASTM B-287

This accelerated corrosion test was included in the program because it is
specified as one of the requirements in aluminum coating specification
NAS4006. Because of cost factors, however, only Hi-Kote 1 and cadmium

plated parts were tested.

For this test, two test coupons were prepared identical to the coupon
described in Paragraph 5.3.2 (Figure 2). One coupon was assembled with
Hi-Kote 1 coated parts and the second coupon with cadmium plated parts
per QQ-P-416, Type 11, Class 3. The fasteners used with each coating were of

the same size, alloy and heat treatment.

Both assembled test coupons were simultaneously exposed to the 5% Acetic
Acid Salt Spray per ASTM B-287 for a period of 14 days. After removal
from the exposure, loose corrosion and salt deposits were removed from the
coupons by light brushing in water. The specimens were examined visually
for any corrosion attack around the "countersink areas. Following visual
inspection, all fasteners were removed from the coupon holes and

countersink areas were again examined for any exfoliation attack.

MAXIMUM
CORROSION DEPTH

PHOTOGRAPHED AREA

i EXFOLIATION ORIGINAL
g /’ /K COUNTERSINK SURFACE
' /p
N\ 1 / NN
§ N l /
\ \ I \ N
STRUCTURE \\STRUCTURE
, \\\\\
i
NN

FIGURE 3. CROSS—SECTION OF TYPICAL FASTENER COUNTERSINK SHOWING

CORROSION ATTACK IN SALT IMMERSION TEST, INCLUDING AREA
PHOTOGRAPHED TO RECORD CORROSION DEPTH.
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6.0 SCOPE OF THE PROGRAM

Thirty or more coatings were tested in conjunction with the evaluation program; many of

these are considered to be proprietary. However, only a few of the coatings tested were

found to be of satisfactory quality when all significant coating characteristics were
examined. Of these, Hi-Kote 1 was found to be the most effective fastener coating. Other

coatings found to be comparable to, or better than, electrodeposited cadmium in terms of

corrosion protection are:

a)

b)

c)

Electrodeposited aluminum with supplemental chromate conversion coating

Sermetel W

Elastomeric Sealant, PR1436-G*

*It should not be confused with a fastener coating, as such; it was tested because it has

been used under the heads of cadmium plated fasteners to combat corrosion.

A brief description of these coatings follows:

6.1

6.2

Electrodeposited Aluminum — With Chromate Conversion Coating

Like cadmium, corrosion protection afforded by aluminum plate is of a sacrificial
nature. The process involves the deposition of aluminum from an ether electrolyte.
One important factor favoring aluminum plating is the absence of hydrogen
embrittlement, as hydrogen is not generated during the electrodeposition from the
bath. After plating, a chromate conversion coating is applied to the aluminum deposit.

Aluminum plating of fasteners used in this test program was performed by TRW
Systems Group, TRW, Inc. As the TRW process is proprietary, details regarding the

electrolyte and processing techniques are not available.

Sermetel W

Sermetel W is a water based formulation with an inorganic binder system containing
aluminum, phosphates and chromates as fillers and corrosion inhibitors. This coating
can be applied by dipping, brushing or spraying. The spraying method yields optimum
results as far as coverage and distribution is concerned. Sermetel W is marketed by

Sermetal Division of Teleflex, Incorporated.

13



6.3 Elastomeric Sealant, PR1436-G

Product Research & Chemical Corporation markets elastomeric sealants for use in
aircraft assemblies, and recently began incorporating corrosion inhibitors into their
sealants. PR1436-G is one of such systems available. It is a two part dichromate cured
polysulphide material containing chromates to inhibit corrosion, is resilient in nature,

and is used under fastener heads to protect the structure against corrosive attack.

PR1436-G is not a fastener coating, but can be effectively used along with a fastener
coating to overcome corrosion problems, but at an additional cost. The pot life of the
mix (after the base and the catalyst are mixed together) is very short, about two hours,
and provides a multitude of production problems. Further, PR1436-G is readily

attacked by common solvents, such as methyl-ethyl-ketone and trichloroethylene.

7.0 ELECTRODEPOSITED CADMIUM PLATE — A BASIS OF COMPARISON

Cadmium plate has been widely used in the aircraft industry;and, thus, it is appropriate to
summarize the behavior of cadmium plated fasteners as related to the corrosion protection
of aluminum structures. In the comparative coating tests described herein, cadmium plated

fasteners were used as a standard against which other protective coatings were compared.

After reviewing published literature on cadmium plated fasteners, it has been concluded that
cadmium provides a sacrificial protection against corrosion. There are, however, many

unanswered questions regarding the effectiveness and nature of this protection, such as:
a) How much protection does cadmium plate offer by itself?

b) How much contribution to protection is made by supplemental chromate conversion

coating?

¢) Since corrosion protection is of a sacrificial nature, how long does it take for full

depletion to occur?

Observations made in service have confirmed the theory behind sacrificial type protection of
cadmium, and also the danger that exists when the cadmium depletion process is complete.
In this regard, severe exfoliation type attack of aluminum structure surrounding the
cadmium plated fasteners has been observed as the depletion process goes through

completion. It was also concluded from the published literature that the corrosion attack

will be much more severe in aluminum structures in the presence of oxygen.

14



Corrosion of aluminum skin is attributed to solution of cadmium because it supplies free
electrons to the aluminum surface. In the presence of moisture and oxygen, O H™
(hydroxyl) ions are formed followed by direct attack on aluminum and liberation of
hydrogen gas. Cadmium goes into solution as Cd™™ ions. Because of the proximity of the
fastener and aluminum surface, cd*t and corrosion products migrate into crevices of the

aluminum surface, thereby establishing additional galvanic cells.

Such unusual activity of normally passive cadmium has been attributed to drying of the
cadmium surface, as well as to the build-up of oxygen-rich salt deposits on the coating. If
soluble chromate ions are available at active corrosion sites to strengthen the already present
oxide layer and fill the defective sites in the coating, the solution of cadmium metal is

minimized or eliminated.

This action explains the reason for the use of chromate conversion coatings with cadmium
plated parts. These conversion films (.00002 inch thick) are non-crystalline, non-porous,
gel-like, and consist of trivalent and hexavalent chromium ions. Protection results in two

ways:

a) The non-porous film physically excludes, to a large extent, the moisture from the

metal surface.

b) At the discontinuities in the coating, the chromate ions exert well known inhibitive

action.

The useful life of a chromated part depends on the rate at which chromate ions are leached
from the film. It should be noted that dry heat impairs the protective properities of such
coatings. Thus, the data obtained in salt-immersion tests at room temperature is not truly
representative of their protective properties in service where the aircraft experiences a wide

range of thermal fluctuation.

15



8.0 TEST RESULTS

Evaluation tests were conducted on 30 or more coatings; however, the results presented in
this report are concerned mainly with a few representative coatings of each type. The major

coating types tested, with descriptions and test factors, are tabulated in Table 1.

TABLE I. MAJOR COATINGS TESTED
Type of Application Post
Coating Coating Pretreatment Method Treatment

Cadmium Metallic, Mechanical Electrodeposited Chromate
Plate electro— treatment — from standard conversion
QQ-P416 deposited hydra honed cyanide bath treatment
Class 11,
Type 3
Electro— Metallic, Mechanical Electrodeposited Chromate
deposited electro— treatment — from ether bath conversion
Aluminum deposited hydra honed treatment
Plate
Vacuum Metallic, Mechanical Physical
Deposited vapor treatment — deposition —_——
Aluminum deposited hydra honed under vacuum
Sermetel Metallic, Mechanical Sprayed & baked
w inorganically treatment — at 375°F — 12 hrs. —_——

bonded glass bead Cooled and

heated again at
375F — 24 hrs.

PRC Chemical Mechanical Sprayed & baked
Sealant curing, treatment — 1259F — 4 hrs. -
PR1436-G polysulphide glass bead

polymer
Hi-Kote 1 Metallic, Mechanical Sprayed & baked

organically treatment — at 400°F — % hr. —-——

bonded glass bead

8.1 Coating Thickness and Adhesion

Hi-Kote 1 and all other representative coatings provide excellent adhesion with the
metal substrate. Except for vacuum deposited aluminum parts, all coatings were within
the acceptable range (.0002-.0005 inch) for thickness and displayed satisfactory .

distribution.

16



8.2 Installation Force Requirements

Installation force requirements with Hi-Kote 1 and other coatings are listed in Table II.
Push-in force requirements for fasteners without any coating are also given for
comparison purposes. Cetyl alcohol lubricant was used on all fasteners before

installation. Hi-Kote 1 and all other coatings demonstrated acceptable installation force

requirements.

TABLE {I. INSTALLATION FORCE REQUIREMENTS

Coating

Push-inForce
(pounds)

Hand Gun
Drivability

Uncoated parts
(comparison)

2980
2880
3000
2905
2810
2915 (average)

Satisfactory

Electrodeposited
Aluminum
Plate

2210
2760
2730

Satisfactory

2040
2640
2476 (average)

Vacuum 2720
Deposited 3410
Aluminum 2220
3100
2560
2802 (average)

Sermetel W 2160
2310
2550 Good
2420
2450
2378 (average)

Cadmium 2720
Plate 2470
QQ-P-416 2420 Good
Type 11, 2180
Class 3 27060
2498 (average)

Hi-Kote 1 2210
2280
2480 Good
2520
2120
2322 (average)

Satisfactory

TEST FACTORS —-

Fastener Type: HLT411-18-13, 6A1-4V titanium alloy
Stack-up: % inch thick 7075 aluminum alloy
Interference Level: .0045-.0050 inch

17



8.3 Torque-Tension

Hi-Kote 1 and other representative coatings all demonstrated acceptable minimum
torque-tension requirements for the particular Hi-Shear fastening system and criteria

used in this evaluation. Test results are listed in Table II1.

TABLE Hi. TORQUE-TENSION DATA

Drag Torque Torque-off Preload
Coating (inch-pounds) (inch-pounds) (pounds)
Uncoated 22 74 2045
parts 18 75 2020
(comparison) 20 75 2110
20 78 2170
19 76 2100
20 (average) 76 (average) 2089 (average)
Electrodeposited 22 75 1940
Aluminum 17 80 2385
Plate 15 78 2610
15 74 2340
20 76 2440
18 (average) 77 (average) 2343 (average)
Vacuum 20 75 2235
Deposited 15 75 2120
Aluminum 16 72 2085
13 78 2335
15 75 2105
16 (average) 75 (average) 2176 (average)
Sermetel W 10 80 2900
15 75 2600
14 75 2400
16 75 2390
17 77 2420
14 (average) 75 (average) 2542 (average)
Cadmium 17 80 2220
Plate 18 78 2100
QQ-P-416 20 75 2155
Type 11, 16 78 2300
Class 3 22 77 2520
19 (average) 78 (average) 2259 (average)
Hi-Kote 1 11 74 2370
12 77 2730
18 76 2610
11 74 2450
i3 78 2560
13 (average) 76 (average) 2544 (average)
TEST FACTORS —
Fastener Pin: HLT411-8-13, 6A1-4V titanium alloy
Fastener Collar: HL70-8
Minimum Preload: 1600 pounds
Lubricant: Cetyl alcohol
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8.4 Mechanical Properties

Hi-Kote 1 and other representative coatings, when applied to Hi-Shear fasteners,
exhibited no characteristics which would adversely affect fastener mechanical
functions. Properties tested included those for tensile, double shear and fatigue

strengths. Results are as listed in Table IV.

TABLE IV. MECHANICAL PROPERTIES

Tensile Strength Double Shear Fatigue Strength —
Coating (pounds) Strength (pounds) Cycles to Failure
Uncoated 5625 9900 All fasteners tested
parts 5900 10300 to 130,000 cycles.
(comparison) 5975 10125 No Failures.
5600 9950
5725 10175
5765 (average) 10090 (average)
Cadmium 5800 9500 . All fasteners tested
Plate 5825 9950 to 130,000 cycles.
QQ-P-416 5650 9725 No Failures.
Type 11, 5650 9975
Class 3 5600 9650
5705 (average) 9760 (average)
Electrodeposited 6100 10000 All fasteners tested
Aluminum 5750 9900 to 130,000 cycles.
6050 10400 No Failures.
5850 10125
5900 9800
5990 (average) 10045 (average)
Vacuum 6050 10625 All fasteners tested
Deposited 5850 10500 to 130,000 cycles.
Aluminum 6000 10500 No Failures.
5800 10450
6000 9950
5940 (average) 10405 (average)
Sermetel W 6100 9900 All fasteners tested
5950 9800 to 130,000 cycles.
5800 10000 No Failures.
5950 10100
5900 9850
5940 (average) 9930 (average)
Hi-Kote 1 5950 10100 All fasteners tested
6100 9950 to 130,000 cycles.
6050 10500 No Failures.
5800 10450
6000 9900

5980 (average) 10180 (average)

Fastener:  HLT410-8-13, 6Al-4V titanium alloy (95,000 psi shear minimum)

HLT410-8-13 4300 9300 15,000 cycles min.
Minimum 30,000 cycles avg.
Requirements
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8.5

8.6

8.7

8.8

8.9

Heat Resistance

When tested as described in paragraph 5.1.6, no loss of adhesion was evidenced with
Hi-Kote 1 and other coatings, such as electrodeposited aluminum, Sermetel W, vacuum

deposited aluminum, or cadmium plate.

It should be mentioned that the elastomeric sealant PR1436-G blisters when exposed
to temperatures above 150°F, therefore its performance in service, where aircraft

experience much higher temperatures, is doubtful.
Paint Stripper and Solvent Resistance

Hi-Kote 1 and the other coatings listed are all resistant to paint stripper and MEK
solvent and no loss of adhesion was evidenced. Again, the elastomeric sealant
PR1436-G swells on exposure to MEK or trichloroethylene solvents and is not

acceptable.
Hydraulic Fluid Resistance

Hydraulic fluids, such as Skydrol 500, Skydrol 700, and Aerosafe 2300 have no effect
on Hi-Kote I and the other listed coatings.

Stress Cracking Embrittlement
No evidence of stress cracking embrittlement was found with Hi-Kote 1 and the other
aluminum base coatings or electro-deposits. Cadmium plated fasteners were not tested

in this program as evidence of cadmium to promote cracking has been widely observed

and reported.
Salt Spray

Salt spray tests were conducted on Hi-Kote 1 and all representative coatings in

accordance with the data in paragraph 5.3.1. Test results are given in Table V.
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TABLE V. SALT SPRAY DATA

96 Hour
Coating Status Remarks
Electrodeposited Passed All parts subsequently failed in 216 hours.
Aluminum
Vacuum Deposited Failed in Not acceptable.
Aluminum 24 hours
Cadmium Plate Passed Test discontinued at 500 hours with no
QQ-P-416 evidence of corrosion on major surfaces.
Class lI, Type 3
Sermete]l W Failed Moderate to heavy corrosion in 48 hours.
Total breakdown in 96 hours.
Hi-Kote 1 Passed Test discontinued at 500 hours with no
evidence of corrosion on major surfaces.
Fastener:  HLT314-8-12, H-11 steel alloy (132,000 psi shear minimum)

8.10 Salt Immersion
For Hi-Kote 1 and other representative coatings, the extent of corrosion attack on
the aluminum specimens resulting from the tests described in paragraph 5.3.2 are
tabulated in Table VI and shown photographically in Figures 4 and 5. These critical

salt immersion tests demonstrate conclusively Hi-Kote 1’s superior corrosion

protection.
TABLE VI. SALT IMMERSION DATA
Maximum Depths of Corrosion Attack

Coating 250 Hrs. 500 Hrs. 750 Hrs. 1,000 Hrs.
Uncoated parts .0075S inch .010 inch .01l inch .012 inch
(comparison)
Electrodeposited .000S5 inch .002 inch .0020 inch .0025 inch
Aluminum &
Chromate
Conversion
Treatment
Vacuum .007 inch .008 inch .0075 inch .010 inch
‘Deposited
Aluminum
Semetel W .0035 inch .004 inch .005 inch .007 inch
Cadmium Plate .0025 inch .0045 inch .008 inch .008 inch
QQ-P-416
Class I1, Type 3
PR 1436-G, Sealant .0030 inch .0030 inch .0040 inch .0040 inch
Hi-Kote | None None None None
TEST FACTORS -

Fastener Material: 6Al-4V titanium alloy (95,000 psi shear minimum)
Stack-up: % inch thick 7075-T6 aluminum alloy block
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8.11

Acetic Acid-Salt Spray

As explained in paragraph 5.3.3, this test involved only a comparison of Hi-Kote 1
and cadmium plate. Following exposure to 5% Acetic Acid-Salt Spray per ASTM
B-287 for similar periods, both Hi-Kote I coated and cadmium plated fasteners and
their respective countersink areas were photographed. Results showing the extent
of exfoliation attack on the 7075-T6 aluminum specimens and the fastener heads
are presented in Figure 6. Hi-Kote 1 satisfactorily meets the Acetic Acid-Salt Spray
test requirements of NAS4006.
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CADMIUM PLATE
(QQO-P-416) HI-KOTE 1

FASTENER HEADS

COUNTERSINK AREAS

FIGURE 6. PHOTOMACROGRAPHS OF CORROSION ATTACK ON FASTENER
SURFACES AND COUNTERSINK AREAS FOLLOWING 14 DAYS
EXPOSURE TO ACETIC ACID SALT SPRAY PER ASTM B-287



9.0

DISCUSSION

It is seen from the Salt Immersion Test data that the exfoliation (or corrosion) attack
starts, in the presence of an electrolyte, at fastener holes on the exposed end grains. This
exfoliation attack (also called progressive leafing) can lead to reduction in the structural

integrity of the joint.

The great difference in corrosion protection offered by electro-deposited aluminum
coating over that of vacuum-deposited aluminum coating is very enlightening and is

attributive to the following three factors:

a) Minimal porosity of electrodeposited aluminum
b) High degree of purity of electrodeposited aluminum
c) Supplemental chromate-conversion coating

It is granted that the vacuum-deposited aluminum coating suffers from inherent problems,
such as porosity and purity of the deposit, but still the predominant factor in corrosion
protection is the supplemental chromate conversion treatment on electrodeposited
aluminum coating. Additional tests are being conducted to confirm this thought and the
results obtained to date are very affirmative. These results will be published later. The
same holds true for electrodeposited cadmium with chromate conversion coating and

cadmium plate with no chromate conversion treatment.

The only advantage that electrodeposited aluminum coating (TRW process) has over that
of electrodeposited cadmium coating is the absence of hydrogen gas release during the
aluminum plating process. This feature eliminates the possibility of hydrogen

embrittlement or stress cracking in aluminum coated fasteners.

Daubing the fastener holes or fasteners with a wet primer or a two-component sealing
system during the assembly does offer considerable corrosion protection, but such an
operation is very cumbersome and unreliable, especially when automatic assembly
operations are involved. Most of these sealants blister and lose their rubber-like resilient
characteristics when exposed to service temperatures over 150°F and they also increase

the installation cost.

The success of Hi-Kote 1 coating against corrosion is attributive to two major
characteristics: minimal porosity and presence of corrosion inhibitive ions. The coated
fastener will offer excellent corrosion protection to the adjoining structures without

additional use of sealants or wet primers during installation.
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10.0 CONCLUSIONS

Titanium fasteners, themselves corrosion resistant, promote galvanic corrosion of the
aluminum structure in which they are installed. Hi-Kote 1 aluminum coating, developed to
overcome this problem, forms a homogenous and continuous coating on titanium
fasteners and provides greater resistance against galvanic corrosion than any other coating

system currently available.

Hi-Kote 1 has no adverse effect on the mechanical properties of the fasteners but improves
their mechanical functions, such as push-in force requirements for interference fit
condition and torque-tension relationship. Hi-Kote 1 is resistant to hydraulic fluids, fuels,
paint strippers, and solvents commonly used in the aircraft service. It affords an excellent
barrier to moisture and does not promote stress cracking or hydrogen embrittlement of

titanium fasteners.
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12.0 APPENDIX
KEY WORDS

Dimensions
All dimensions are in inches unless otherwise specified.

Interference Fit Fastener
When the diameter of a fastener pin is greater than the diameter of the hole into which it

is designed to be installed, the fastener is called an interference fit fastener.

Diametral Interference
Diametral Interference = (Diameter of the fastener or pin to be installed in the hole —
Diameter of the hole as drilied.) In this report the term “interference” is often used in

place of “diametral interference.”

Push-In Force
The force required to install a fastener or pin under interference in a structure.

Push-Out Force
The force required to remove an interference fastener or pin from a structure.

Joint Clamp-Up Force
The force with which the fastener system clamps the members of a structural joint, is
called the Joint Clamp-Up Force. It is also known as “Residual Sheet Load” or “Fastener

Pre-Load” or simply “Preload” of the joint.

Collar Torque or Torque-Off

The torque, that is applied to a collar or nut to fasten structural members. The
HI-LOK/HI-TIGUE collar has a machined groove in hexagonal wrenching portion which
shears off when the desired amount of torque is reached, therefore the term
TORQUE-OFF is used with HI-LOK/HI-TIGUE collars.

Fatigue Life, N

The number of stress cycles which can be sustained prior to failure for a given test

condition.
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Diffusion Induced Stress Cracking
The condition of delayed brittle failure of an otherwise ductile material revealed under

conditions of:
a) Sustained tensile load
b) Very low strain rate

Failure will occur with little or no evidence of ductility.

Stress Corrosion
Metal corrosion caused by simultaneous presence of tensile stresses and a corrosive media.
A pre-requisite for stress corrosion cracking is the existence of localized anodic path in the

material and crack propagation is intergranular.

Exfoliation

The term used to indicate galvanic corrosion in aluminum alloys. The corrosion attack is
preferential along the grain boundaries and the metal grains physically pull out from their
sites and are dissolved as corrosion products. Also called “Progressive Leafing.”

Anodizing
An electrolytic oxidation process in which the surface of the metal, when anodic, is

converted to a coating having protective, decorative, and other properties.

Chemical Conversion Coatings
These coatings consist of chromate and other corrosion inhibitors chemically applied to

the metal surfaces and form a thin amorphous film which helps reduce corrosion of the

metal.
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